Background: Healthcare measures to prevent maternal deaths are well known. However, effective implementation of this knowledge to change practice remains a challenge.
and emergency care procedures (e.g. the active management of the third stage of labor or cesarean delivery. 2 Healthcare guidelines have long been used to update clinicians' knowledge, encourage consideration of evidence during decision making, and change practices. Apart from content, one important area to examine when developing guidelines is how to effectively promote their uptake and use-i.e. the implementation strategy used for delivery. A systematic review published in 2004 3 and subsequent Cochrane reviews on implementation interventions targeting healthcare professionals such as audit and feedback, 4 reminders, 5, 6 and local opinion leaders 7 showed small-to-moderate positive effects on the quality of care, although few of the studies were undertaken in LMICs and addressed maternal health.
An overview of systematic reviews published in 2008 8 identified several implementation interventions for healthcare professionals that could be suitable for LMICs, and new trials have been conducted since.
The aim of the present study was to perform a systematic review to assess whether such guideline implementation interventions improve maternal health care in LMICs. Additionally, a separate systematic review of qualitative research 9, 10 was undertaken using the same search strategy to better understand the content and context of these guideline implementation strategies, which will be reported elsewhere.
| MATERIALS AND METHODS

| Search strategy
The present review was undertaken as per a registered protocol (PROSPERO: CRD42014010310). Methodological guidance for reviews by the Cochrane Effective Practice and Organisation of Care (EPOC) group 11 was followed.
On February 7, 2014 , searches were performed of Medline, Medline In-Process and Other Non-Indexed Citations, and Embase via Ovid SP, and CINAHL via EBSCOhost Research Databases. No date or language restrictions were applied. Using text words and relevant indexing (controlled vocabulary), a set of search terms was built to capture the concepts of "implementation strategies" (e.g. "audit," "education," and "reminder") and "maternal mortality." An EPOC methodology filter was used to limit retrieval to appropriate study designs.
11
EPOC LMIC filters were used to help to identify studies in LMICs.
12
Reference lists of all included studies were scanned to identify additional potentially relevant reports. Full details of the search terms used are available in Appendix S1.
Two of three reviewers (LK, SP, and JH) independently screened titles and abstracts of identified reports. The full texts of potentially relevant studies were retrieved and reviewed in-depth. Disagreements between the reviewers were resolved by consensus or by an arbiter (TS or JH).
| Inclusion criteria
To be included in the review, a study had to involve health professionals providing obstetric care within formal health services in LMICs. 13 Untrained health and paramedical workers (e.g. untrained midwives), traditional birth attendants, and community workers were excluded.
Studies of induced and spontaneous abortion were excluded.
Outcomes of interest were objective measures of provider performance and patient outcomes in a healthcare setting. Studies measuring knowledge or performance in a test situation only were excluded.
Eligible interventions included one of seven implementation strategies to change healthcare provider behavior, either alone or in combination as one study group (terms and definition according to EPOC taxonomy) 14 : distribution of educational materials, educational meetings, local consensus processes, educational outreach visits, local opinion leaders, audit and feedback, or reminders.
Eligible study designs were randomized controlled trials (RCTs), non-randomized controlled trials, controlled before-after studies, and interrupted time series studies. Cluster trials and controlled beforeafter studies were accepted only if they had at least two intervention sites and two control sites. An interrupted time series study was accepted if it had a clearly defined point in time when the intervention occurred, with at least three data points before and three after the intervention.
| Data extraction, risk-of-bias assessment, and data synthesis
Data were extracted using a standardized form by one of two reviewers (LK and SP) and checked by another (MI). Risk of bias in the included studies was assessed independently by two of three reviewers (MI, LK, and SP) according to nine criteria specified by EPOC
:
adequate allocation sequence generation, concealment of allocation, similar baseline outcome measures, similar baseline characteristics, adequately addressed incomplete outcome data, blinded assessment of outcomes, adequate protection against contamination, free from selective outcome reporting, and free from other risks of bias. Risk of bias was incorporated into the assessment of the level of evidence using the GRADE approach. 15 Because of a large clinical and methodological heterogeneity in the included studies-in terms of content and complexity of interventions as well as complexity of targeted healthcare professional behaviordata are summarized narratively.
| RESULTS
| Characteristics of included studies
The search yielded 4999 titles and abstracts. Of those, nine studies reported in 16 articles were selected for inclusion. Figure 1 shows the study selection process detailed in a PRISMA flow chart. 16 Study characteristics are described in Table 1 .
Eight studies were RCTs. [17] [18] [19] [20] [21] [22] 24, 25 The unit of allocation was individual doctors in one RCT, 24 groups of women in another RCT, 17 and institutions or communities in the remaining studies. One study 23 had a controlled before-after design, with interventions allocated by institution. One study 23 nurses, anesthetists, and surgical assistants). The clinical practice guidelines used in the nine identified studies are shown in Table 2 .
The complexity of targeted behaviors varied across studies. The behaviors targeted in five of the included studies were specific, focusing on performance of one task or treatment, such as interpersonal communication, 17, 22 analgesia and regional anesthesia for cesarean delivery, 23 or a specific obstetric care procedure. 20, 21 Other studies 18, 19, 24, 25 targeted comparatively more complex behavior in terms of the integrated clinical management of obstetric emergencies, requiring coordination across assessment, diagnosis and treatment.
Of the seven EPOC-defined implementation strategies specified in the review, three studies 17, 20, 24 used one strategy; the other studies combined up to five strategies (Table 1) . Training (educational meetings) was the most common intervention across all studies. Training was combined with educational outreach visits or supervisory visits in five studies, 18, 19, [21] [22] [23] local opinion leaders or coordinators in four studies, 18, 19, 22, 23 and audit in three studies. 18, 19, 25 Two studies provided practical assistance which would explicitly or implicitly build local consensus, by way of convening an on-site meeting to agree on the new communication strategy (intervention target behavior) 22 or coaching in quality improvement methodology (e.g. Plan-Do-Study-Act cycle).
18
One study 22 used job aids, in the form of prenatal counselling cards, which were reported to function as a "reminder" to the doctor about key messages to convey, as well as facilitating more effective communication with patients. Printed educational material (for workshop participants) was provided in one study.
21
In addition to the specified implementation strategies, some studies described additional activities as part of the intervention. In one study, 20 training was preceded by a four-component process, with each component designed to address different logistical barriers to delivering successful training. Another study 23 actively engaged national opinion leaders from the Ministry of Health. Organizational changes were instigated in two studies, in the form of a team meeting to identify best practice and logistical planning before patient consultation 22 or improving 24-hour service availability and patient monitoring. 19 Though not explicit, organizational changes were also likely to have resulted from recommendations made in audits. One report 23 explicitly described adjustment to local factors by direct observation, interview, and focus group discussions with doctors. Community mobilization was included as part of the intervention in two studies, 18 ,25 although it was not part of the present review.
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Most study authors reported that interventions were implemented with high fidelity. However, included studies revealed little in the way of any implementation theory underpinning the intervention, and described little of the organizational context, such as organizational capacities and cultures to support improvement, or political directives.
Of the nine risk-of-bias domains, eight of the nine studies were assessed as having a high risk in up to two domains ( Table 3 ). The controlled before-after study by Ninidze et al. 23 was considered to have high risk for allocation sequence generation and concealment, because intervention sites were chosen on the basis of the presence of a "local champion" and "readiness for change." In that study, the baseline outcome measure (use of anesthesia) and baseline characteristics also seem to be imbalanced between study groups and therefore were assessed as high risk. Incomplete outcome data were likely to bias the results from Hemminki et al., 21 whose outcome data were collected by a cross-sectional survey of mothers after childbirth: it is possible that some information (e.g. the number and type of treatment given) was difficult for mothers to report accurately. This and three other studies were noted for the lack of masking of outcome assessors (high risk of bias).
18,21,22,24 
| Effects of interventions on doctor-patient communication
Abbreviations: CBA, controlled before-after study; RCT, randomized controlled trial; L, low risk of bias; U, unclear risk of bias; H, high risk of bias.
domains. After the intervention, doctors were slightly more likely to call the patient by her name, ask her permission for examination, cover her during the vaginal examination, and relay information to other doctors in the team. However, in more than 80% of shift rounds, doctors failed to identify themselves, explain the stages of labor or the patient's role during labor, or give any instructions about the steps that follow delivery after the intervention had been implementation.
GRADE level of evidence for this outcome is moderate. It was downgraded by one level for inconsistency.
| Effect of interventions on uptake of recommended obstetric care practice
Three studies 20, 21, 23 measured intervention effects on the uptake of a specific practice (Table 1) . Ninidze et al. 23 reported that use of general anesthesia for cesarean delivery decreased in the intervention group, with an increase in the use of regional (epidural) analgesia for labor and vaginal delivery. These differences were statistically significant, and no such change was observed in the control group. However, caution is required in the interpretation of the results from Ninidze et al.,
because the controlled before-after design of the study could have affected the results in favor of intervention.
Hemminki et al. 21 reported the expected effect of the intervention for some outcomes, such as an increase in nutrition advice provided and a decrease in unnecessary ultrasonography scans. Other outcomes had desirable effects only in some study sites (e.g. advice on danger signs and performance of cesarean delivery) or an undesirable effect (decrease in blood pressure measurements). Notably, there was an increase in the frequency of anemia tests, which was not particularly emphasized in the intervention. It should be noted that these outcomes were measured using a questionnaire survey completed by women who had given birth, which may have resulted in incomplete data.
Gülmezoglu et al. 20 reported that the active educational strategy to promote use of systematic reviews did not achieve consistent, statistically and clinically significant effects on uptake of any of the targeted practices backed by the review evidence.
GRADE level of evidence for this outcome is low. It was downgraded by one level for risk of bias in two studies, 21, 23 and by another level for inconsistency.
| Effect of interventions on management of obstetric emergencies
Three studies measured the effect on the broader management of life-threatening emergencies, either as a primary outcome 24 or process outcome 18, 19 (Table 1) . Nisar et al. 24 found that the proportion of general, obstetric, and neonatal and pediatric emergencies that were appropriately managed increased significantly after the intervention.
The results hold irrespective of the nature of emergency. 24 Dumont et al. 19 reported improvement in the frequency of transfusions, emergency prepartum cesarean deliveries, and emergency intrapartum cesarean deliveries. Assisted deliveries (forceps or vacuum) did not differ significantly between the groups overall.
By contrast, Colbourn et al. 18 found no sizable changes in "signal functions" indicative of basic emergency obstetric care (manual removal of placenta, manual vacuum aspiration, vacuum extraction, breech deliveries, parenteral antibiotics, magnesium sulfate, and oxytocic drugs) and comprehensive emergency obstetric care (cesarean delivery and blood transfusion).
GRADE level of evidence for these outcomes is moderate. It was downgraded by one level for inconsistency.
| Effect of interventions on patient outcomes
Only three studies 18, 19, 25 reported patient outcomes. Dumont et al.
19
found a significant reduction in maternal mortality (primary outcome)
in the intervention group compared with the control group, although this effect was evident in first-level referral hospitals but not secondlevel referral hospitals.
Colbourn et al. 18 found improvement in one of its primary outcomes (late neonatal mortality [7-28 days] ), although this effect was largely driven by a parallel intervention for communities rather than health professionals. There was no evidence of effect on the other primary outcomes, such as stillbirths, neonatal mortality, and perinatal mortality. Pasha et al., 25 also using an intervention for communities as well as health professionals, found no significant effect on perinatal mortality ratio (primary outcome).
There was no clear change in any secondary outcomes in any of these three studies, including stillbirth, 19, 25 neonatal mortality, 19, 25 maternal mortality, 25 and neonatal and maternal case fatality rates.
18
GRADE level of evidence for these outcomes is low. It was downgraded by one level for inconsistency and one level for indirectness.
| DISCUSSION
Interventions to implement evidence-based recommendations in obstetric care to change professional practice were reported to have positive effects in some studies identified as part of the present review. Limited evidence suggests that improvement has been shown in the areas of communication skills during prenatal counselling, 22 uptake of recommended anesthesia provision (regional rather than general anesthesia) during labor and vaginal delivery, 23 and the integrated management of life-threatening emergencies. 19, 22 Patient outcomes were reported in only a few studies, with the available evidence suggesting a reduction in maternal and late neonatal mortality after intervention implementation. 18, 19 However, this finding should be considered with caution, because intervention effects were not consistent across studies.
Most studies included in the present review were conducted in hospital settings. Therefore, the applicability of the results to other health facilities and health centers particularly could be limited. It is also not reported how sustainable many of the implementation strategies are. Most study authors reported that interventions were implemented with high fidelity.
The level of evidence for most outcomes was moderate or low. The main factors for downgrading the level of evidence included inconsistency of results across studies and risk of selection bias in a nonrandomized study, 23 in which the difference between study groups in baseline characteristics and baseline outcome measures could have favored the intervention group. Evidence from studies that included community-focused interventions alongside interventions targeting professional performance was also downgraded for indirectness. 18, 25 The included studies assessed either one intervention or multifaceted interventions combining up to five implementation strategies.
Although multifaceted interventions might be expected to be more effective, not all the multifaceted interventions in the present review showed a sizeable effect in specified outcome measures. Indeed, one of the studies using a single strategy (training) also reported positive effects. 24 There does not seem to be a simple correlation between the direction of effect and the number of intervention components (intervention complexity). This could be a result of several factors.
First, authors often characterize interventions using a set of labels (e.g. training or audit), but the way intervention content was categorized and labeled varied across studies, and interventions often do more than what these labels suggest. Some studies described the content of the intervention, which we interpreted to be a distinct strategy, even though study authors did not explicitly label it as such. Some studies also described auxiliary features that did not fit with any of the 
